2. Obtain the gray-level gradient magnitude. 3. Derive the threshold surface by deforming the original image gray-level surface. 4. The threshold surface interpolation. 5. Segmentation based on the threshold surface.
Introduction
Morphometric assessment of the different parameters of tumor cells is important in the study of thyroid cancer. However, objective measurement is not possible without the help of reliable computer software. The objective assessment includes some algorithms [ 1-51 to detect the boundary of the cells based on the gradient method. However, these conventional edge detection methods cannot detect the boundary with reasonable accuracy. The reasons are (1) for the incomplete cancer cells, the gray-level of its nucleus is lighter than the complete cancer cells; (2) the nucleus and the background have similar gray levels; (3) in some cells, the nucleus and the cell membrane are very distinct that they may be separated into two concentric rings and double counted. These problems are evident in a conventional thresholding algorithm such as the Yanowitz et a1 From (2-2), we can deduce the following properties:
Then the generalized fuzzy set S becomes a normal fuzzy set T, such that -5) 
Enhancement and Edge detection
From Section 2, we use the GFO to map all the pixels in the original image into the GFS. For an image X(ij), where i=1,2 ,..., N andj=1,2 ,..., M.
We use a Sine function to map X(i,j) into a fuzzy set
Then, PE [-411 is mapped to shown in the following equation,
In the present application, the objective of Morphometric assessment is to locate the boundary of the thyroid cancer cell. We used the improved GFO to put the boundary gray level be mapped to a distinctly different gray levels. Now, the membrane's boundary has a gray level distribution in the range [y-A F A ] . In equation (3-2), this range is mapped to a minimum value in P'. Above or below this range, it is mapped to progressively higher values as shown in Figure  1 . The characteristics of the improved GFO is a "V" shaped curve located in [-I 11 of P. This function resembles a band-pass function so that the edge pixels are mapped to a range of values distinct from the others. The parameter '' y " can be adjusted to shift the "V" type function along the PGj) axis, depending on the actual gray levels of the boundary of interest. a can affect the right arm of the "V" shaped function.
Results and Discussions
We implemented our method in a Pentium PC. The algorithm was programmed in the MATLAB. The original image of the thyroid cancer cell is shown in figure 2. Point "A" is an incomplete cell with a hollow-looking nucleus.
Point "B" shows another incomplete cell, so that the graylevel of this cell is almost the same as the background. Moreover, some cells overlap and merge together. Figure 3 is a binary image that is the result of using the Adaptive Thresholding Method [7] . In using this method, an area with solid interior is counted as a cell. However, in point "A", the hollow ring will not be counted as a cell since certain tissue boundary is also processed as the hollow ring in the same slice shown in point L'A1''. In point "B", an irregular pattern shows up in the result and it will not be counted as a cell. It is caused by no hnction to enhance the incomplete cell in this method. Figure 4 is the result based on the new proposed method. The boundaries show up the new set " as distinctly in both points "A" and "B". In another case, when two cells appeared to be merged together, they are separated after processing.
In the example, 7 , a, A and D are chosen as -0.9946, 0.1, 0.01 and 79.406 respectively for the present example. The characteristics of the fiuzy set are shown in Figure 5 . The relationship between the original and the new pixel values is shown in Figure 6 . At an original gray level of around 160, the pixels are mapped to a minimum value.
The other pixels will be mapped to other distinctly different gray levels. In this example, the thyroid cancer cells have boundary pixels with gray levels of around 160. For the incomplete cells, the boundaries are enhanced.
Conclusion
The proposed Fuzzy algorithm is a simple, effective and efficient method for edge detection and enhancement. We have demonstrated that it is very suitable for application in the counting of thyroid cancer cells captured from a microscopic slice. It solves the problems better than the Adaptive Thresholding Method. Figure 2 The microscopic slice contains two types of thyroid cancer cells, one is in growing so that it's nuclei is not in rigid (point A). However, some cells its nucleus is rigid but lighter (point B). The other is the completed growth cell (point C), the nucleus is rigid and color is black. 
